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1
TERMINAL HOLDING DEVICE

TECHNICAL FIELD

The present invention relates to a terminal holding device
used to install a terminal device in a movable body.

BACKGROUND TECHNIQUE

Recently, a portable type navigation device is widely used.
Patent Document 1 discloses an example of installing a por-
table type navigation device in a vehicle by using a cradle.

On the other hand, recently, a portable type terminal device
such as a high-function portable telephone called “smart-
phone” is installed and used in a movable body such as a
vehicle. Applications similar to the navigation device are
proposed for a smartphone, and a smartphone can be installed
in a vehicle to be used as a navigation device. Generally, a
smartphone have a GPS function, but does not have a sensor
such as a gyro sensor.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Laid-open
under No. 2010-86215

SUMMARY OF INVENTION
Problem to be Solved by the Invention

The above is one example of the problem to be solved by
the present invention. Itis an object of the present invention to
provide a terminal holding device capable of supplying an
output of a built-in sensor to a terminal device held by the
terminal holding device.

Means for Solving the Problem

According the present invention, there is provided a termi-
nal holding device including: an attaching unit to be attached
to a vehicle; a holding unit which removably holds a terminal
device in such a manner that a display unit of the terminal
device is exposed and which includes a contact surface to be
contact with the terminal device; an acceleration sensor
which detects acceleration in a direction from a side of the
contact surface to a side opposite to the contact surface; and a
supplying unit which supplies a detection signal of the accel-
eration sensor to the terminal device.

According to the present invention, there is provided a
terminal holding device including: an attaching unit to be
attached to a vehicle; a holding unit which removably holds a
terminal device in such a manner that a display unit of the
terminal device is exposed; an acceleration sensor which
detects acceleration in a direction from a side of the display
unit of the terminal device held by the holding unit to a side
opposite to the display unit; and a supplying unit which sup-
plies a detection signal of the acceleration sensor to the ter-
minal device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are a front view, a side view and a rear view
of'a terminal holding device according to a first embodiment.
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FIGS. 2A and 2B are anther front view and a rear perspec-
tive view of the terminal holding device shown in FIGS. 1A to
1C.

FIGS. 3A to 3D are diagrams illustrating rotated states of a
terminal holding device.

FIGS. 4A to 4E are diagrams for explaining advantage of
making the terminal holding device rotatable by every 90
degrees.

FIGS. 5A to 5C are diagrams illustrating relationship
between inclination of the terminal holding device and incli-
nation of a sensor substrate.

FIGS. 6A to 6C are diagrams illustrating relationship
between inclination of the terminal holding device and incli-
nation of the sensor substrate.

FIG. 7 is a side view illustrating a configuration of a ter-
minal holding device according to a modified example of the
first embodiment.

FIGS. 8A to 8C illustrate a terminal holding device accord-
ing to a second embodiment.

FIG. 9 illustrates a schematic configuration of the terminal
device.

FIG. 10 is a diagram for explaining a drawback taking
place in accordance with a mounting position of the terminal
device.

FIG. 11 is a diagram for explaining a fundamental concept
of a correcting method of a captured image according to the
second embodiment.

FIG. 12 is a diagram for explaining the correcting method
of a captured image according to the second embodiment
more specifically.

FIGS. 13A 10 13C are diagrams for explaining a method of
calculating a deviation angle of the image capturing direction
of'a camera with respect to a traveling direction of a vehicle.

FIG. 14 is a flowchart illustrating a captured image correct-
ing processing according to the second embodiment.

FIG. 15 is a flowchart illustrating a captured image correct-
ing processing according to a modified example of the second
embodiment.

MODE TO EXERCISE THE INVENTION

According to a preferred mode of the invention, a terminal
holding device includes: an attaching unit to be attached to a
vehicle; a holding unit which removably holds a terminal
device in such a manner that a display unit of the terminal
device is exposed and which includes a contact surface to be
contact with the terminal device; an acceleration sensor
which detects acceleration in a direction from a side of the
contact surface to a side opposite to the contact surface; and a
supplying unit which supplies a detection signal of the accel-
eration sensor to the terminal device.

The above terminal device is attached to a vehicle by the
attaching unit, and holds the terminal device by the holding
unit. The holding unit includes a contact surface with the
terminal device to removably hold the terminal device in such
a manner that the display unit of the terminal device is
exposed. In addition, the terminal holding device includes an
acceleration sensor which detects acceleration in a direction
from a side of the contact surface to a side opposite to the
contact surface, and a supplying unit which supplies a detec-
tion signal of the acceleration sensor to the terminal device.
Thus, the detection signal by the acceleration sensor built in
the terminal holding device can be appropriately supplied to
the terminal device. Therefore, the terminal device can per-
form processing such as navigation by using the obtained
acceleration.
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One mode of the above terminal holding device includes a
connecting unit which changes an attaching angle of the
holding unit with respect to the acceleration sensor. By this,
the attaching angle of the holding unit with respect to the
acceleration sensor can be appropriately changed.

In another mode of the above terminal holding device, the
connecting unit changes the attaching angle of the holding
unit with respect to the acceleration sensor, without changing
an attaching angle of the acceleration sensor with respect to
the attaching unit. By this, if the attaching angle of the holding
unit with respect to the acceleration sensor is changed, the
attaching angle of the acceleration sensor with respect to the
attaching unit can be appropriately maintained.

Preferably, the above terminal holding device includes a
housing unit which houses the acceleration sensor, and the
connecting unit can rotate the holding unit with respect to the
housing unit.

Preferably, in the above terminal holding device, the accel-
eration sensor is provided on the holding unit at a side oppo-
site to the side holding the terminal device.

In another mode of the above terminal holding device, the
holding unit includes a hole which exposes a camera unit
provided on the terminal device; and the acceleration sensor
is provided to detect the acceleration in a direction penetrat-
ing the hole. By the hole provided on the holding unit, the
terminal device can appropriately capture image by the cam-
era in a state held by the terminal holding device. Since the
acceleration sensor can detect the acceleration in the penetrat-
ing direction of the hole, i.e., the acceleration in the image
capturing direction of the camera, the terminal device can
obtain the acceleration of the camera in the image capturing
direction.

According to another aspect of the present invention, a
terminal holding device includes: an attaching unit to be
attached to a vehicle; a holding unit which removably holds a
terminal device in such a manner that a display unit of the
terminal device is exposed; an acceleration sensor which
detects acceleration in a direction from a side of the display
unit of the terminal device held by the holding unit to a side
opposite to the display unit; and a supplying unit which sup-
plies a detection signal of the acceleration sensor to the ter-
minal device. Also by the above terminal holding device, the
detection signal of the acceleration sensor built in the terminal
holding device can be appropriately supplied to the terminal
device.

EMBODIMENT

The preferred embodiments of the present invention will
now be described below with reference to the attached draw-
ings.

1st Embodiment

FIGS. 1A to 1C illustrate a terminal holding device 1
according to a first embodiment of the present invention. The
terminal holding device 1 functions as a so-called cradle, to
which a terminal device 2 such as a smartphone is attached.

FIGS. 1A to 1C illustrate the terminal holding device 1 in
a state that it is holding the terminal device 2. Specifically,
FIG. 1A is a front view of the terminal holding device 1, FIG.
1B is a side view of the terminal holding device 1, and FIG.
1C is a rear view of the terminal holding device 1. FIG. 2A is
a front view of the terminal holding device 1 in a state that it
is not holding the terminal device 2. FIG. 2B is a perspective
view of the terminal holding device 1 observed from its rear
side, in a state that it is not holding the terminal device 2.
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As illustrated, the terminal holding device 1 includes a base
11, a hinge 12, an arm 13, a substrate holder 15 and a terminal
holder 16.

The base 11 functions as a base used when the terminal
holding device 1 is attached to a movable body such as a
vehicle. For example, the base 11 is provided with a sucker or
an adhesive tape at its underside, and the base 11 is fixed to an
installation surface 5 such as a dashboard of the vehicle by the
adhesive tape.

The hinge 12 is fixed to the arm 13, and is attached to the
base 11 in a manner rotatable with respect to the base 11. By
the rotation of the hinge 12, the arm 13 swings in a front-rear
direction of the terminal device 2, i.e., in a direction of the
arrows 41 and 42 in FIG. 1B. Namely, by rotating the arm 13
via the hinge 12 with respect to the base 11 fixed to the
installation surface 5 of the vehicle, it is possible to adjust the
installation angle of the substrate holder 15 and the terminal
holder 16 with respect to the installation surface 5.

The substrate holder 15 is a holder which holds a substrate
for a gyro sensor. Specifically, the substrate holder 15
includes a cover 15a, a ball link 155, a sensor substrate 15¢
and a sensor 15d.

The ball link 155 is attached to an upper end of the arm 13,
and holds the substrate holder 15 at an arbitrary angle with
respectto the arm 13. The cover 154 is provided at a lower end
of'the substrate holder 15, and has a function of restricting the
rotation of the substrate holder 15 with respect to the arm 13,
the detail of which will be described later.

The sensor substrate 15¢ is provided inside of the substrate
holder 15, and the sensor substrate 15¢ is provided with the
sensor 15d. A preferred example of the sensor 154 is a gyro
sensor and/or an acceleration sensor.

The terminal holder 16 is a holder which holds the terminal
device 2. The terminal holder 16 includes a connector 16a and
a wiring 165. The connector 164 is provided at the bottom of
the front surface, i.e., the surface on which the terminal device
2 is set, and is connected to the connector of the terminal
device 2 when the terminal device 2 is set in the terminal
holder 16. The connector 16a is electrically connected to the
sensor substrate 15¢ via the wiring 165. Therefore, the detec-
tion signal of the sensor 154 is supplied to the terminal device
2 via the sensor substrate 15¢, the wiring 165 and the connec-
tor 16a.

The terminal device 2 includes a display surface 2a, which
is a front side of the body of the terminal device 2 and includes
a display unit, and a rear surface 25 which is a rear side of the
body of the terminal device 2. Normally, the terminal device
2 is formed in a rectangular flat-plate shape, and the display
surface 2a and the rear surface 25 are substantially parallel
with each other. The display surface 2a is also referred as
“front surface 2a .

The terminal holder 16 has a contact surface 16¢ at its front
side. When the terminal device 2 is mounted on the terminal
holder 16, the contact surface 16¢ contacts and supports the
rear surface 256 ofthe terminal device 2. In the example shown
in FIGS. 1A and 1B, the contact surface 16¢ of the terminal
holder 16 is formed such that its entire surface contacts the
rear surface 25 of the terminal device 2. Instead, it is possible
to employ such a configuration that one or plural parts of the
contact surface 16¢ is formed to be partly protruding, and
only the protruding parts contact the rear surface 25 of the
terminal device 2.

In the above-described configuration, the base 11 corre-
sponds to an example of “an attaching unit” of the invention,
the terminal holder 16 corresponds to an example of “a hold-
ing unit” of the invention, the connector 16a corresponds to
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an example of “a supplying unit” of the invention, and the
substrate holder 15 corresponds to an example of “a housing
unit” of the invention.

Next, the rotation function of the terminal holder 16 with
respect to the substrate holder 15 will be described. The
terminal holder 16 holding the terminal device 2 is rotatable,
by the unit of 90 degrees, with respect to the substrate holder
15. Namely, when the state shown in FIG. 1A is defined as the
rotation angle 0 degree, the terminal holder 16 can be fixed in
four states being rotated by 0 degree, 90 degrees, 180 degrees
and 270 degrees in a clockwise or counterclockwise direc-
tion. The reason why it can be fixed by the unit of 90 degrees
is that a user normally uses the terminal device 2 in such a
state that the display unit is arranged vertically or laterally,
when the user sees the display unit. As described above, the
terminal device 2 normally has a rectangular flat-plate shape.
“Arranging vertically” means such an arrangement that the
longitudinal direction of the display unit is vertical, and
“arranging laterally” means such an arrangement that the
longitudinal direction of the display unit is lateral.

FIGS. 3A to 3D illustrate the states in which the terminal
holder 16 is rotated. When the terminal holding device 1 is
observed from the front side, rotating the terminal holder 16
by 90 degrees in the direction of the arrow from the state of
FIG. 3A results in the state of FIG. 3B. When the terminal
holding device is observed from the rear side, rotating the
terminal holder 16 in the direction of the arrow from the state
of FIG. 3C results in the state of FIG. 3D.

Structurally, by providing a rotational axis (not shown) at a
substantial center of the substrate holder 15 and fixing the
terminal holder 16 to the rotational axis, the terminal holder
16 becomes rotatable with respect to the substrate holder 15.
Also, by providing pairs of concavity-convexity or recess-
protrusion engage with each other at the positions of every
90-degree rotation angles, to the surface where the substrate
holder 15 and the terminal holder 16 abut with each other, the
terminal holder 16 can be fixed at the positions of every
90-degree rotation angles. The rotation axis corresponds to an
example of “a connecting unit” of the invention. The above-
described structure is merely an example, and other structure
may be employed as long as the terminal holder 16 can be
fixed to the substrate holder 15 at every 90-degree rotation
angles.

Next, the setting angle of the sensor substrate 15¢ will be
described. As illustrated in FIG. 1B, in the first embodiment,
the sensor substrate 15¢ is fixed to the substrate holder 15 so
asto be perpendicular to the display surface 2a of the terminal
device 2. As described above, the terminal device 2 is nor-
mally formed in a rectangular flat-plate shape, and the display
surface 2a and the rear surface 25 are substantially parallel
with each other. Also, as described above, the rear surface 254
of the terminal device 2 and the contact surface 16¢ of the
terminal holder 16 are substantially parallel with each other.
Therefore, the sensor substrate 15¢ is normally mounted on
the substrate holder 15 so as to be perpendicular to the display
surface 2a and the rear surface 25 of the terminal device 2 as
well as the contact surface 16¢ of the terminal holder 16.
Further, the sensor substrate 15¢ is mounted on the substrate
holder 15 so as to be perpendicular to the longitudinal direc-
tion or the lateral direction of the display surface 2a, when the
terminal holder 16 is fixed in such a state that it is rotated by
one of the above-mentioned four angles of 90-degree difter-
ence.

By mounting the sensor substrate 15¢ on the substrate
holder 15 in this manner, the sensor substrate 15¢ is mounted
horizontally, i.e., in a state being substantially parallel with
the ground, in whatever state the user attaches the terminal

10

15

20

25

30

35

40

45

50

55

60

65

6

holding device 1 to the installation surface 5 of the vehicle.
This is because, the user normally installs the terminal hold-
ing device 1 in such a manner that the display surface 2a of the
terminal device 2 becomes substantially perpendicular to the
ground. Normally, the user sits on the seat of the vehicle in a
posture looking the traveling direction and keeping his or her
upper half of body substantially perpendicular to the ground.
Therefore, the user installs the terminal holding device 1 to
the installation surface 5 of the vehicle such that the display
surface 2a substantially directly confronts the user, i.e., the
display surface 2a becomes perpendicular to the ground.
Even if the installation surface 5 is an inclined surface, the
user must adjust the angle by the rotation angle adjusting
function of the hinge 12 and the ball link 155 of the terminal
holding device such that the display surface 2a ofthe terminal
device 2 becomes substantially perpendicular to the ground.
Therefore, at whatever position the terminal holding device 1
is installed, the sensor substrate 15¢ is always arranged hori-
zontally, i.e., in parallel with the ground. As a result, the
sensor 154 such as a gyro sensor is always set horizontally,
thereby enabling accurate detection.

With reference to FIGS. 4A to 4E, the setting angle of the
sensor substrate 15¢ will be further described. In the first
embodiment, the terminal holder 16 can be fixed to the sub-
strate holder 15 only at every 90-degree rotation angle. There-
fore, it is not possible to fix the terminal holder 16 at such a
rotation angle that the display unit is arranged laterally or
longitudinally as shown in FIG. 4C, when the terminal hold-
ing device 1 is attached to the inclined installation surface 5 of
the vehicle. If the terminal holder 16 is rotated by the unit of
90-degrees, the display unit of the terminal device 2 becomes
inclined as shown in FIGS. 4A and 4B, and the sensor sub-
strate 15c¢ is also inclined. Therefore, the user uses the hinge
12 to adjust the angle such that the display unit of the terminal
device 2 is not inclined as shown in FIG. 4D. As a result,
naturally the sensor substrate 15¢ becomes horizontal. Or the
user avoids the inclined installation surface 5 and chooses a
flat installation surface 5 as shown in FIG. 4E, and hence the
sensor substrate 15¢ is set horizontally. In this way, according
to the first embodiment, the user does not have to consider the
inclination of the sensor substrate 15¢ and the sensor sub-
strate 15¢ is held in the horizontal state, as long as the user
installs the terminal device 2 in an easy-to-see state, i.e., in
such a state that the display surface is substantially perpen-
dicular to the ground and is not inclined.

Next, description will be given of such a function that the
rotation of the substrate holder 15 by the ball link 155 is
regulated by the cover 154 of the substrate holder 15. In the
first embodiment, in addition to that the sensor substrate 15¢
is held horizontally as described above, the rotation of the
substrate holder 15 is regulated by the cover 15a to further
ensure that the sensor substrate 15¢ is held in a nearly hori-
zontal state.

A sensor such as a gyro sensor is preferably used in a
horizontal state, and its tolerable angle of inclination (here-
inafter referred to as “tolerable inclination angle”) is deter-
mined. Namely, the sensor can perform accurate detection
when it is set within the tolerable inclination angle, even if it
is not completely in a horizontal state. Therefore, in the first
embodiment, when the terminal holding device 1 is attached
to the installation surface 5, the cover 15a regulates the rota-
tion of the substrate holder 15 such that the angle of the sensor
substrate 15¢ does not exceed the tolerable inclination angle.

FIGS. 5A to 5C illustrate the states of rotating the substrate
holder 15 and the terminal holder 16 in the front and rear
direction by using the ball link 154. In the following descrip-
tion, the substrate holder 15 and the terminal holder 16 inte-
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grally rotated is referred to as “holding unit” for convenience
of explanation. The tolerable inclination angle of the sensor
15d is expressed as “a.”.

FIG. 5A illustrates a state wherein the rotation of the ball
link 1554 is regulated such that the terminal device 2 becomes
substantially perpendicular to the ground. In this case, the
sensor substrate 15¢ is held in a horizontal state. Also, in this
case, the upper end of the arm 13 does not contact the edge of
the lower end of the cover 15a, and the cover 15a does not
regulate the rotation of the holding unit.

FIG. 5B illustrates a state wherein the holding unit is
rotated in the direction of the arrow 81 by using the ball link
1556. When the holding unit is rotated in the direction of the
arrow 81, the sensor substrate 15¢ is also inclined with respect
to the horizontal direction accordingly. However, when the
inclination angle of the sensor substrate 15¢ reaches the tol-
erable inclination angle a, the arm 13 contacts the edge of the
lower end of the cover 15a, as shown by the arrow X1, to
regulate the rotation of the holding unit. Namely, the holding
unit cannot rotate in the direction of the arrow 81 any further.
Thus, the sensor substrate 15¢ is prevented from being
inclined larger than the tolerable inclination angle o with
respect to the horizontal direction.

FIG. 5C illustrates a state wherein the holding unit is
rotated in the direction of the arrow 82, i.e., in the direction
opposite to FIG. 5A, by using the ball link 155. Also in this
case, when the inclination angle of the sensor substrate 15¢
reaches the tolerable inclination angle a, the edge of the lower
end of the cover 15a contacts the arm 13 as shown by the
arrow X2, and further rotation is prevented. Thus, the sensor
substrate 15¢ is prevented from being inclined larger than the
tolerable inclination angle o with respect to the horizontal
direction.

FIGS. 6A to 6C illustrate the states of rotating the holding
unit in the left and right direction by using the ball link 155. In
FIG. 6A, the sensor substrate 15¢ is held in a horizontal state.
In this case, the edge of the lower end of the cover 15a does
not contactthe arm 13, and the cover 15a does not regulate the
rotation of the holding unit.

FIG. 6B illustrates a state wherein the holding unit is
rotated in the direction of the arrow 83 by using the ball link
1556. When the holding unit is rotated in the direction of the
arrow 83, the sensor substrate 15¢ is also inclined with respect
to the horizontal direction accordingly. However, when the
inclination angle of the sensor substrate 15¢ reaches the tol-
erable inclination angle a, the arm 13 contacts the edge of the
lower end of the cover 15a to regulate the rotation of the
holding unit. Namely, the holding unit cannot be rotated in the
direction of the arrow 83 any further. Thus, the sensor sub-
strate 15¢ is prevented from being inclined larger than the
tolerable inclination angle o with respect to the horizontal
direction.

FIG. 6C illustrates a state wherein the holding unit is
rotated in the direction of the arrow 84, i.e., in the direction
opposite to FIG. 6A, by using the ball link 155. Also in this
case, when the inclination angle of the substrate 23 reaches
the tolerable inclination angle a, the edge of the lower end of
the cover 154 contacts the arm 13 to prevent further rotation.
Thus, the sensor substrate 15¢ is prevented from being
inclined larger than the tolerable inclination angle o with
respect to the horizontal direction.

As described above, in the first embodiment, the cover 15a
regulates the rotation of the holding unit by using the ball link
1554, and therefore the sensor substrate 15¢ is prevented from
being inclined larger than the tolerable inclination angle.
While the above example employs such a structure that the
cover 15a has a taper shape and its diameter at the lower end
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is smaller than that of the upper end, this is merely an
example. The rotation of the holding unit by using the ball
link 156 may be regulated by other structure. For example, the
rotation larger than the tolerable inclination angle may be
prevented by adjusting the diameter at the lower end of the
cover 15a and the diameter of the arm 13, without making the
shape of the cover 15a tapered.

As described above, according to the terminal holding
device 1 of the first embodiment, since the sensor substrate
15¢ is mounted so as to be perpendicular to the display surface
2a of the terminal device 2, the sensor substrate 15¢ is held
substantially horizontally only if the user attaches the termi-
nal holding device 1 to the installation surface 5 of the vehicle
in a normal, easy-to-see condition. Therefore, the user can
mount the terminal holding device 1 without considering the
inclination angle of the sensor substrate 15¢.

Further, since the terminal holding device 1 has a structure
that the rotation of the holding unit by using the ball link 1556
is regulated such that the inclination angle of the sensor
substrate 15¢ does not exceed the tolerable inclination angle,
the sensor substrate 15c¢ is not inclined larger than the toler-
able inclination angle even if the user finely adjusts the angle
of'the substrate holder 15 by using the rotation function of the
ball link 155.

Modified Examples of 1st Embodiment

While the above-described first embodiment is configured
such that the terminal holder 16 can be rotated around the
substrate holder 15 serving as the axis, the present invention
is not limited to this example. For example, in a case of a
terminal device thatis arranged only in one of the longitudinal
and lateral direction, the terminal holder 16 may be config-
ured non-rotatable with respect to the substrate holder 15.

While the terminal holder 16 is configured to be fixable in
the states rotated by 0 degree, 90 degrees, 180 degrees and
270 degrees with respect to the substrate holder 15 in the
above first embodiment, the present invention is not limited to
this example. For example, the terminal holder 16 may be
configured to be fixable in two states rotated by 0 degree and
90 degrees with respect to the substrate holder 15. Namely,
the terminal device 2 may be arranged in two state, i.e.,
longitudinally or laterally.

In the above first embodiment, the sensor substrate 15¢ is
mounted on the substrate holder 15 so as to be perpendicular
to the display surface 2a of the terminal device 2. However,
the sensor substrate 15¢ may be, not completely perpendicu-
lar, but inclined within the tolerable inclination angle of the
sensor substrate 15¢. FIG. 7 illustrates a side view of the
terminal holding device according to this modified example.
In the example of FIG. 7, the arrow 85 indicates the direction
perpendicular to the display surface 2a of the terminal device
2, and the sensor substrate 15¢ is mounted on the substrate
holder 15 in a state being inclined by the tolerable inclination
angle o with respect to the direction of the arrow 85. Namely,
the sensor substrate 15¢ is mounted on the substrate holder 15
to have an angle (90-a) degrees with respect to the display
surface 2a of the terminal device 2. Therefore, the sensor
substrate 15¢ becomes substantially parallel with the ground
when the terminal holding device 1 is installed in the vehicle
such that the display surface 2a of the terminal device 2 is
directed slightly upwardly.



US 9,140,719 B2

9

2nd Embodiment

Next, a second embodiment will be described.

(Device Configuration)

FIGS. 8A to 8C illustrate a terminal holding device 1x
according to a second embodiment. FIG. 8A is a front view,
FIG. 8B is a side view, and FIG. 8C is a rear view. It is noted
that the constitutional elements identical to those shown in
FIGS. 1A to 1C are denoted by the reference numbers iden-
tical to FIGS. 1A to 1C, and the description thereof will be
omitted.

In the second embodiment, on the rear surface 25 of the
terminal device, a camera 29 is provided. Also, the terminal
holder 16 of the terminal holding device 1x cis formed with a
hole 17 at the position confronting the camera 29 when the
terminal device 2x is held by the terminal holding device 1x.
The hole 17 has a diameter larger than the diameter of the lens
of the camera 29. Thus, in a state that the terminal device 2x
is held by the terminal holder 1, the camera 29 is not suffered
from the outer wall of the terminal holder 16 and can capture
image behind the terminal holder 16. Specifically, the camera
29 captures image outside the vehicle.

In the example shown in FIGS. 8B and 8C, the terminal
holder 16 is configured to cover substantially entire area of
the rear surface 2b of the terminal device 2x and is formed
with the hole 17 at the position confronting the camera 29 of
the terminal device 2x. Instead, the terminal holder 16 may be
configured to cover only the area lower than the position of
the camera 29 of the terminal device 2x when the terminal
device 2x is held by the terminal holding device 1x. In one
example, the contact surface 113C of the terminal holder 16
may be formed into a shape extending to the position lower
than the position at which the camera 29 of the terminal
device 2x is provided (i.e., a shape in which the contact
surface 113C does not exist above the position at which the
camera 29 of the terminal device 2x is provided). In such an
example, it is not necessary to form the hole 17 on the termi-
nal holding device 1x.

While the camera 29 is provided substantially on the center
line in the left-right direction of the rear surface 26 of the
terminal device 2x in the examples shown in FIGS. 8A to 8C,
it is not limited that the camera 29 is provided at such a
position. For example, the camera 29 may be provided at a
position shifted, to some extent, from the center line in the
left-right direction of the rear surface 25. In this case, instead
of'forming the hole 17 on the terminal holder 16, a cutout may
be formed at a part including the position of the camera 29 of
the terminal device 2x when the terminal device 2x is held by
the terminal holding device 1x.

FIG. 9 schematically illustrates a configuration of the ter-
minal device 2x. As illustrated in FIG. 9, the terminal device
2x mainly includes a CPU 21, a ROM 22, a RAM 23, a
communication unit 24, a display unit 25, a speaker 26, a
microphone 27, an operation unit 28 and the camera 29. The
terminal device 2x is a portable-type terminal device such as
a smartphone having a telephone call function.

The CPU (Central Process Unit) 21 executes control of the
terminal device 2x in its entirety. The ROM (Read Only
Memory) 22 has a non-volatile memory, not shown, storing
control program for controlling the terminal device 2x. The
RAM (Random Access Memory) 23 stores data set by a user
via the operation unit 26 in a readable manner, and provides a
working area for the CPU 21.

The communication unit 24 is configured to be able to
perform wireless communication with other terminal device
2x via a communication network. The display unit 25 may be
a liquid crystal display, and displays characters and images to

10

15

20

25

30

35

40

45

50

55

60

65

10

the user. The speaker 26 outputs sounds to the user. The
microphone 27 collects voices spoken by the user.

The operation unit 28 may be operation buttons or a touch
panel type input device provided on a casing of the terminal
device 2x, to which various selections and instructions by the
user is inputted. If the display unit 25 is a touch panel type, the
touch panel provided on the display screen of the display unit
25 may function as the operation unit 28.

The camera 29 may be a CCD camera, for example, and is
provided on the rear surface 25 of the terminal device 2x as
illustrated in FIGS. 8B and 8C. Basically, the direction of the
optical axis (an axis extending vertically from the center of
the lens) of the camera 29 coincides with the vertical direction
of the rear surface of the terminal device 2x(i.e., the normal
direction). The camera 29 may be provided, not only on the
rear surface 26 of the terminal device 2x, but also on the front
surface 2a of the terminal device 2.

(Captured Image Correcting Method)

Next, the description will be given of a correcting method
of'the captured image by the camera 29, executed by the CPU
21 in the second embodiment.

First, with reference to FIG. 10, the drawback caused
according to the mounting position of the terminal device 2x
will be described. FIG. 10 illustrates a view of the terminal
device 2x, observed from upside thereof, in a state mounted in
the compartment of the vehicle 3, and also illustrates an
example of the captured image by the camera 29 of the ter-
minal device 2x. In FIG. 10, for convenience of explanation,
the terminal device 2xis illustrated in a simplified manner and
the illustration of the terminal holding device 1x is omitted.
Actually, the terminal device 2x is mounted in the compart-
ment of the vehicle 3 in a state held by the terminal holding
device 1x.

FIG. 10 illustrates the example in which the terminal
device 2x is mounted generally in front of the driver’s seat and
the example in which the terminal device 2x is mounted
between the driver’s seat and the assistant driver’s seat. (In
both cases, the terminal device 2x is mounted on the dash-
board.) Normally, in order to observe the display unit 25 of
the terminal device 2x, the user mounts the terminal device 2x
such that the display unit 25 is directed to the user. In a case
where the terminal device 2x is mounted generally in front of
the driver’s seat, if the terminal device 2x is mounted such that
the display unit 25 is directed to the user, the terminal device
2xtends be directed to the traveling direction of the vehicle 3.
Specifically, since the front surface 2a on which the display
unit 25 is provided and the rear surface 26 on which the
camera 29 is provided are substantially in parallel with each
other in the terminal device 2x, the front direction (vertical
direction) of the rear surface 25 tends to roughly coincide
with the traveling direction of the vehicle 3. In other words,
the direction along the front surface 2a and the rear surface 26
of the terminal device 2x tends to be almost perpendicular to
the traveling direction.

In contrast, in the case where the terminal device 2x is
mounted between the driver’s seat and the assistant driver’s
seat, if the terminal device 2x is mounted such that the display
unit 25 is directed to the user, the terminal device 2x tends to
be not directed to the traveling direction of the vehicle 3.
Specifically, since the front surface 2a on which the display
unit 25 is provided and the rear surface 26 on which the
camera 29 is provided are substantially in parallel with each
other in the terminal device 2x, the front direction (vertical
direction) of the rear surface 25 tends to be not coincident
with the traveling direction of the vehicle 3. In other words,
the direction along the front surface 2a and the rear surface 26
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of the terminal device 2x tends to be not generally perpen-
dicular to the traveling direction.

When the terminal device 2x is mounted generally in front
of the driver’s seat, it may affect the visual field of the user.
Depending on the kind of the vehicle, it may be difficult to
mount the terminal device 2x generally in front of the driver’s
seat. Therefore, the terminal device 2x tends to be mounted on
the position other than the front of the driver’s seat.

In FIG. 10, the captured image 101 shown by the dot and
dash line indicates an example of the image captured by the
camera 29 when the terminal device 2x is mounted generally
in front of the driver’s seat. The captured image 102 shown by
the broken line 102 indicates an example of the image cap-
tured by the camera 29 when the terminal device 2x is
mounted between the driver’s seat and the assistant driver’s
seat. In FIG. 10, it is understood that the center position 101A
in the left-right direction of the captured image 101 and the
center position 102a in the left-right direction of the captured
image 102 do not coincide. This means that the image cap-
turing directions of the camera 29 do not coincide in the case
where the terminal device 2x is mounted generally in front of
the driver’s seat and in the case where the terminal device 2x
is mounted between the driver’s seat and the assistant driver’s
seat.

The “image capturing direction” of the camera 29 means
the direction of the camera 29, and generally coincides with
the vertical direction of the rear surface 26 of the terminal
device 2x. More specifically, the “image capturing direction”
corresponds to the optical axis direction of the lens of the
camera 29. In the second embodiment, it is assumed that the
front-rear direction (specifically the front direction) of the
vehicle 3 is used as the “traveling direction” of the vehicle 3.

Specifically, in the case where the terminal device 2x is
mounted generally in front of the driver’s seat, since the
vertical direction of the rear surface 25 to which the camera 29
is provided in the terminal device 2x generally coincides with
the traveling direction of the vehicle 3 as described above, the
image capturing direction of the camera 29 generally coin-
cides with the traveling direction. Therefore, in this case, the
center position 101A of the captured image 101 generally
coincides with the position corresponding to the traveling
direction of the vehicle 3 in the captured image 101. In con-
trast, in the case where the terminal device 2x is mounted
between the driver’s seat and the assistant driver’s seat, since
the vertical direction of the rear surface 2b to which the
camera 29 is provided in the terminal device 2x does not
coincide with the traveling direction of the vehicle 3 as
described above, the image capturing direction of the camera
29 does not coincide with the traveling direction. Therefore,
in this case, the center position 102a of the captured image
102 generally does not coincide with the position correspond-
ing to the traveling direction of the vehicle 3 in the captured
image 102.

Here, there is known a navigation using an actually cap-
tured image (corresponding to the image generated based on
the captured image) by the camera 29 of the terminal device
2x, hereinafter referred to as “display image”). This naviga-
tion is called AR (AR: Augmented Reality) navigation, in
which the image for the route guide, such as the direction and
the distance to the destination, is displayed in a manner super-
imposed on the display image. At the time of executing the
AR navigation, if the image capturing direction of the camera
29 and the traveling direction of the vehicle 3 do not coincide,
the AR navigation cannot be appropriately executed. For
example, the image for the route guide is not displayed at an
appropriate position in the display image, or no position for
displaying the image for the route guide is found.
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This drawback tends to be caused, not because of the
mounting position of the terminal device 2x itself in the
compartment, but because the direction of the terminal device
2x is variously set such that the display unit 25 is directed to
the user and hence the image capturing direction of the cam-
era 29 deviates from the traveling direction of the vehicle 3.

In the second embodiment, in order to overcome the draw-
back caused when the image capturing direction of the cam-
era 29 and the traveling direction of the vehicle 3 do not
coincide as described above, the captured image of the cam-
era 29 is corrected. Specifically, the CPU 21 in the terminal
device 2x corrects the captured image of the camera 29 based
on the deviation of the image capturing direction of the cam-
era 29 with respect to the traveling direction of the vehicle,
thereby to generate the display image to be used for the AR
navigation. In this case, the CPU 21 obtains the deviation of
the image capturing direction with respect to the traveling
direction, and corrects the captured image based on the devia-
tion such that the center position of the display image in the
left-right direction coincides with the position corresponding
to the traveling direction.

In this specification, “correcting the captured image”
means the processing of extracting the image to be displayed
from the captured image of the camera 29 based on the devia-
tion of the image capturing direction with respect to the
traveling direction, i.e., the processing of taking in a part of
the captured image as the display image.

With reference to FIG. 11, fundamental concept of the
correction method of the captured image according to the
second embodiment will be described. Similarly to FIG. 10,
FIG. 11 also illustrates the view of the terminal device 2x in
the state mounted in the compartment of the vehicle 3
observed from upside, and an example of the captured image
by the camera 29 of the terminal device 2x. In FIG. 11, for
convenience of explanation, the terminal device 2x is illus-
trated in the simplified manner, and the illustration of the
terminal holding device 1x is omitted.

FIG. 11 illustrates the case where the terminal device 2xis
mounted between the driver’s seat and the assistant driver’s
seat (specifically at the position on the dashboard) and the
captured image 105 shown by the broken line is obtained by
the camera 29. In this case, as described above, if the terminal
device 2x is mounted such that the display unit 25 is directed
to the user, the front direction (vertical direction) of the rear
surface 26 to which the camera 29 is provided in the terminal
device 2x does not coincide with the traveling direction of the
vehicle 3. Therefore, the image capturing direction of the
camera 29 does not coincide with the traveling direction of
the vehicle 3. Therefore, the center position 1054 of the
captured image 105 does not coincide with the position cor-
responding to the traveling direction of the vehicle 3 in the
captured image 105.

In the second embodiment, the CPU 21 performs the pro-
cessing of correcting the deviation between the center posi-
tion 1054 in the captured image 105 and the position corre-
sponding to the traveling direction. Specifically, first the CPU
21 obtains the deviation of the image capturing direction of
the camera 29 with respect to the traveling direction of the
vehicle 3 based on the acceleration of the vehicle 3. Next, the
CPU 21 obtains the position 1055, which is obtained by
shifting the center position 1054 in the captured image 105 by
the amount corresponding to the deviation (corresponding to
the arrow 107). In the second embodiment, the position 10554
thus obtained is treated as the position corresponding to the
traveling direction in the captured image 105.

Next, in order to make the center position in the left-right
direction of the display image coincide with the position
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corresponding to the traveling direction, the CPU 21 extracts
the image whose center position in the left-right direction
coincides with the position 1055, and uses the extracted
image as the display image. Specifically, the CPU 21 gener-
ates an image 106 within a predetermined range from the
position 1055 corresponding to the center position (i.e., an
image 106 having predetermined size in the left-right direc-
tion) as the display image. In this case, the CPU 21 cuts off the
image other than the image 106 (i.e., the images at both ends
of the image 106) from the captured image 105.

The “predetermined range” used at the time of generating
the display image is determined in advance according to the
size and/or range of the image to be displayed. For example,
the “predetermined range” is determined by the setting in the
AR navigation.

With reference to FIG. 12, the correcting method of the
captured image according to the second embodiment will be
described more specifically. FIG. 12 illustrates a view of the
terminal device 2x observed from upside thereof. Here, itis a
view of the state that the image capturing direction of the
camera 29 does not coincide with the traveling direction of
the vehicle 3. In FIG. 12, for convenience of explanation, the
terminal device 2x is illustrated in a simplified manner, and
the illustration of the terminal holding device 1x is omitted.

In FIG. 12, an angle of view shown by the arrow 150 is the
angle of view used by the camera 29 for capturing image.
Namely, the angle of view 150 indicates the angle of view of
the camera 29 itself. The dot and dash line 150¢ indicates the
center position in the angle of view 150 that the camera 29
uses for capturing image, i.e., the position corresponding to
the image capturing direction. It is assumed that the CPU 21
knows the angle of view 150 that the camera 29 uses for
capturing image and the center position 150¢ in the angle of
view 150.

In the second embodiment, first the CPU 21 obtains the
angle that the image capturing direction of the camera 29
forms with respect to the traveling direction of the vehicle 3
(corresponding to the angle shown by the arrow 155, herein-
after suitably referred to as “deviation angle”), based on the
output of the sensor 154. The method of obtaining the devia-
tion angle will be described later in detail.

Next, the CPU 21 obtains the position 151¢ by shifting the
center position 150¢ of the angle of view 150, that the camera
29 uses for capturing image, by the deviation angle 155. In
this case, the CPU 21 treats the obtained position 151c¢ as the
position corresponding to the traveling direction of the
vehicle 3. Namely, out of the angle of view 150, the CPU 21
uses the position 151¢ as the center position of the angle of
view (hereinafter referred to as “display angle of view”) used
for the actual display.

Next, in the angle of view 150 that the camera 29 uses for
capturing image, the CPU 21 obtains the angle of view
(shown by the arrow 151), including the obtained position
151c as a center and having a width of a predetermined angle,
as the display angle of view. Thereafter, from the captured
image by the camera 29, the CPU 21 generates the image
within the range defined by the obtained display angle of view
151 as the display image. As illustrated in FIG. 11, doing this
corresponds to generating the image 106 within the predeter-
mined range from the center position 1055, out of the cap-
tured image 105, as the display image.

The present invention is not limited to obtain the position
151c¢ corresponding to the traveling direction and to obtain
the display angle of view 151 based on the position 151¢ as
described above. In another example, the display angle of
view 151 may be obtained without obtaining the position
151c¢ corresponding to the traveling direction. Specifically,
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the display angle of view may be obtained by shifting the
display angle of view, normally used for generating the dis-
play image from the captured image as shown by the arrow
152 (the angle of view including the center position 150¢ and
having a width of a predetermined angle), by the deviation
angle 155.

According to the second embodiment as described above,
based on the deviation angle of the image capturing direction
of'the camera 29 with respect to the traveling direction of the
vehicle 3, the captured image may be appropriately corrected
to generate the display image. Specifically, it is possible to
appropriately generate the display image having the position
corresponding to the traveling direction of the vehicle 3 as the
center position. By this, if the terminal device 2x is mounted
in a state that it is not directed to the traveling direction of the
vehicle 3 (i.e., the image capturing direction of the camera 29
does not coincide with the traveling direction of the vehicle
3), the AR navigation can be appropriately performed by
using the generated display image. For example, the image
used for route guide in the AR navigation can be displayed at
an appropriate position on the display image.

Further, according to the second embodiment, unlike the
technique described in the aforementioned Patent Document
1, the image analysis of the captured image is not performed.
Therefore, in comparison with that technique, the processing
burden may be reduced.

Desirably, the angle of view of the camera 29 is designed
such that, within the range of the direction of the terminal
device 2x supposed to be set by the user in order to observe the
display unit 25, all the display angle of view obtained when
the user variously changes the direction of the terminal device
2x are included in the range of the angle of view of the camera
29 itself. Namely, it is desired to use the camera 29 having the
angle of view covering all the display angle of view obtained
as described above, even if the user variously changes the
direction of the terminal device 2x within the range of the
supposed direction of the terminal device 2x.

(Deviation Angle Calculating Method)

Next, with reference to FIGS. 13A to 13C, the description
will be given of a specific example of a method of calculating
the deviation angle of the image capturing direction with
respect to the traveling direction of the vehicle 3.

FIG. 13A illustrates a view of the terminal device 2x in a
state held by the terminal holding device 1x observed from
upside thereof. In FIG. 13 A, for convenience of explanation,
the terminal holding device 1x and the terminal device 2x are
illustrated in a simplified manner. As illustrated in FIG. 13A,
the sensor 154 is provided in the substrate holder 15 of the
terminal holding device 1x. The sensor 15d is an acceleration
sensor (i.e., G sensor) configured to be able to detect accel-
eration in two-dimensional directions. In the following
description, the “sensor 154 will be expressed as the “accel-
eration sensor 154”. As described above, in the state that the
terminal device 2x is held by the terminal holding device 1x
(specifically, in the state that the connector of the terminal
device 2x is connected with the connector 164 in the terminal
holder 16), the output signal of the acceleration sensor 15d is
supplied to the terminal device 2x via the sensor substrate 15¢
in the substrate holder 15 and the wiring 165 and the connec-
tor 164 in the terminal holder 16. In this case, the CPU 21 in
the terminal device 2x obtains the output signal of the accel-
eration sensor 154.

Specifically, the acceleration sensor 154 detects the accel-
eration in the X-direction and the Y-direction as shown in
FIG. 13A. Since the acceleration sensor 154 is fixed to the
terminal holding device 1x and its positional relation with the
camera 29 of the terminal device 2x attached to the terminal
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holding device 1xis constant, the X-direction and Y-direction
in which the acceleration sensor 154 detects the acceleration
have a constant relation with the image capturing direction of
the camera 29. In the second embodiment, as illustrated in
FIG. 13 A, the X-direction and the image capturing direction
coincide.

While FIG. 13B illustrates the terminal device 2x in the
state held by the terminal holding device 1x similarly to FIG.
13A, FIG. 13B illustrates the state that the terminal device 2x
is not directed to the traveling direction of the vehicle 3, i.e.,
the state that the image capturing direction of the camera 29
does not coincide with the traveling direction of the vehicle 3.
In a state that the terminal device 2x is held by the terminal
holding device 1x, the direction of the terminal holding device
1x coincides with the direction of the terminal device 2x.
Therefore, by the acceleration sensor 154 in the terminal
holding device 1x, the direction of the terminal device 2x
(specifically the image capturing direction by the camera 29
in the terminal device 2x) can be appropriately detected.

FIG. 13C illustrates only the acceleration sensor 154 in
FIG. 13B. The acceleration sensor 154 detects acceleration in
two-dimensional directions, i.e., the X-direction and the Y-di-
rection as shown in FIG. 13C. The X-direction corresponds to
the image capturing direction of the camera 29. When the
image capturing direction of the camera 29 deviates from the
traveling direction of the vehicle 3, the deviation angle 8 of
the image capturing direction (X-direction) with respect to
the traveling direction of the vehicle 3 can be calculated from
the ratio of the X-direction acceleration to the Y-direction
acceleration detected by the acceleration sensor 15d. The
deviation angle 6 can be calculated by the following equation

(D):

Deviation Angle O=arctan(¥-direction acceleration/X-
direction acceleration)

ey
Specifically, the deviation angle 0 is calculated by the CPU 21
in the terminal device 2x. In this case, the CPU 21 obtains the
output signals corresponding to the X-direction acceleration
and the Y-direction acceleration detected by the acceleration
sensor 15d, and calculates the deviation angle 6 based on the
output signals.

While the above description discloses the example of cal-
culating the deviation angle based on the output of the accel-
eration sensor 154 provided in the substrate holder 15 of the
terminal holding device 1x, the present invention is not lim-
ited to this. Instead of the acceleration sensor 154, the output
from the sensor provided in the vehicle 3 or the output from
the sensor provided in a navigation apparatus installed in the
vehicle 3 separately from the terminal device 2x may be used
to calculate the deviation angle.

(Captured Image Correcting Processing)

Next, with reference to FIG. 14, the captured image cor-
recting processing according to the second embodiment will
be described. FIG. 14 is a flowchart illustrating the captured
image correcting processing according to the second embodi-
ment. This processing is realized by the CPU 21 in the termi-
nal device 2x, which executes the program stored in the ROM
22.

First, in step S101, the CPU 21 determines whether or not
a predetermined time has passed since the captured image
correcting processing is executed last time. This determina-
tion is executed every predetermined time period (i.e., in a
predetermined cycle) in order to repeatedly execute the cap-
tured image correcting processing. If the predetermined time
has passed (step S101; Yes), the processing goes to step S102.
Ifthe predetermined time has not passed (step S101; No), the
processing ends.
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In step S102, the CPU 21 determines whether or not the
acceleration of the vehicle 3 is larger than a predetermined
value. For example, the CPU 21 determines whether or not the
X-direction acceleration detected by the acceleration sensor
15d is larger than a predetermined value. This determination
is executed in order to execute the subsequent steps by using
a stable output value of the acceleration sensor 154, thereby
ensuring the accuracy of correcting the captured image. The
“predetermined value” used in this determination may be set
to the acceleration value capable of ensuring the accuracy of
correcting the captured image, for example.

If the acceleration is larger than the predetermined value
(step S102; Yes), the processing goes to step S103. If the
acceleration is not larger than the predetermined value (step
S102), the processing returns to step S102.

In step S103, the CPU 21 determines whether the vehicle 3
is traveling in a straight line (i.e., going straight). Specifically,
the CPU 21 determines whether or not the vehicle 3 is trav-
eling in a straight line, based on the ratio of the X-direction
acceleration to the Y-direction acceleration detected by the
acceleration sensor 15d. In detail, the CPU 21 samples plural
ratios of the X-direction acceleration (larger than a predeter-
mined value) to the Y-direction acceleration. Then, the CPU
21 determines that the vehicle 3 is traveling in a straight line
if the values of the plural ratios are almost constant, and
determines that the vehicle 3 is not traveling in a straight line
if the values of the plural ratios are varying. This determina-
tion is also executed in view of ensuring the accuracy of
correcting the captured image. Specifically, this determina-
tion is done to execute the correction of the captured image
using the output value of the acceleration sensor 154 at the
time when the traveling direction of the vehicle 3 coincide
with the front-rear direction of the vehicle 3.

If the vehicle 3 is traveling in a straight line (step S103;
Yes), the processing goes to step S104. If the vehicle 3 is not
traveling in a straight line (step S103; No), the processing
returns to step S102.

In step S104, the CPU 21 calculates the deviation angle of
the image capturing direction of the camera 29 with respect to
the traveling direction of the vehicle 3. For example, the CPU
21 calculates the deviation angle by the equation (1), based on
the ratio of the X-direction acceleration to the Y-direction
acceleration detected by the acceleration sensor 154. Then,
the processing goes to step S105.

Instep S105, the CPU 21 corrects the captured image based
on the deviation angle calculated in step S104, and generates
the display image. Specifically, the CPU 21 obtains the posi-
tion where the center position of the angle of view that the
camera 29 uses for capturing image is shifted by the deviation
angle, and determines the angle of view, including the
obtained position as the center and having a width of a pre-
determined angle, as the display angle of view. Instead, the
CPU 21 may determines the angle of view, which is obtained
by shifting the display angle of view normally used to gener-
ate the display image from the captured image by the devia-
tion angle, as the display angle of view. Thereafter, from the
captured image, the CPU 21 generates the image within the
range prescribed by the display angle of view thus obtained,
as the display image. The CPU 21 displays the display image
thus generated on the display unit 25. Then, the processing
goes to step S106.

In step S106, the CPU 21 stores the data of the deviation
angle and/or the display angle of view, used to generate the
display image in step S105, in the ROM 22 as the correction
amount. Then, the processing ends. Until the above-men-
tioned predetermined time has passed (i.e., in the case where
“step S101; No”), the CPU 21 corrects the captured image by
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using the correction amount stored in step S106 and generate
the display image. The CPU 21 retains the correction amount
after the engine of the vehicle 3 is turned off, and uses the
retained correction amount after the engine is started until the
acceleration becomes larger than the predetermined value.

According to the captured image correcting processing
described above, based on the deviation angle of the image
capturing direction of the camera 29 with respect to the trav-
eling direction of the vehicle 3, the captured image can be
appropriately corrected to generate the display image. Spe-
cifically, it is possible to generate the display image having
the position corresponding to the traveling direction of the
vehicle 3 as the center position. Therefore, even if the termi-
nal device 2x is mounted in a state not directed to the traveling
direction of the vehicle 3, the AR navigation can be appropri-
ately performed by using the generated display image.

Inthe example described above, it is determined whether or
not the vehicle 3 is traveling in a straight line based on the
ratio of the X-direction acceleration to the Y-direction accel-
eration detected by the acceleration sensor 154 (step S103).
However, the present invention is not limited to the determi-
nation based on the ratio of the X-direction acceleration to the
Y-direction acceleration. In another example, it can be deter-
mined whether or not the vehicle 3 is traveling in a straight
line based on the navigation information used by the AR
navigation. Specifically, it is possible to determine whether
the road that the vehicle 3 is currently traveling is straight or
curved from the navigation information such as the route
information and/or the map information, and determines that
the vehicle 3 is traveling in a straight line in step S103 when
the road currently traveling is determined to be straight.

While the captured image correcting processing of FIG. 14
executes all the determinations of steps S101, S102 and S103
in the above-described example, any one or more of the
determination in steps S101, S102 and S103 ma be executed
instead. Namely, any one or two of the determination in steps
S101, S102 and S103 is executed, and the captured image
may be corrected if the condition in the determination is
satisfied.

Modified Example of 2nd Embodiment

In the above description, an example is described in which
the captured image correcting processing is repeatedly
executed in a predetermined cycle. In the modified example,
instead of repeatedly executing the captured image correcting
processing in a predetermined cycle, the captured image cor-
recting processing is executed only when the mounting con-
dition of the terminal device 2x is changed.

With reference to FIG. 15, the captured image correcting
processing according to the modified example will be
described. FIG. 15 is a flowchart illustrating the captured
image correcting processing according to the modified
example. This processing is realized by the CPU 21 in the
terminal device 2x which executes the program stored in the
ROM 22.

The modified example differs from the above-described
second embodiment in that the process in step 201 is executed
instead of the process in step S101 shown in FIG. 14. Since
the process in steps S202 to S206 are the same as the process
in steps S102 to S106 shown in FIG. 14, description thereof
will be omitted. Here, only the process in step S201 will be
described.

In step S201, the CPU 21 determines whether or not the
mounting condition of the terminal device 2x is changed. In
this case, the CPU 21 determines whether the user changed
the direction of the terminal device 2x, whether the user
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removed the terminal device 2x from the terminal holding
device 1x, or whether the user attached the terminal device 2x
to the terminal holding device 1x. The reason why such a
determination is made is to execute the correction of the
captured image in the case where the mounting condition of
the terminal device 2x is changed and accordingly the devia-
tion angle of the image capturing direction of the camera 29
with respect to the traveling direction of the vehicle 3 tends to
change. Namely, when the mounting condition of the termi-
nal device 2x is changed, it is not appropriate to correct the
captured image by the correction amount obtained last time,
and the captured image should be corrected after obtaining
new correction amount.

Specifically, the CPU 21 determines whether or not the
mounting condition of the terminal device 2x is changed by
the methods described by the following first to fourth
examples.

In the first example, the terminal holding device 1x is
provided with an acceleration sensor capable of detecting the
acceleration in an up-down direction, and the CPU 21 deter-
mines whether or not the mounting condition of the terminal
device 2x is changed based on the output of the acceleration
sensor. Specifically, the CPU 21 determines that the mounting
condition of the terminal device 2x is changed if the accel-
eration sensor detects the acceleration in the up-down direc-
tion. For example, the method of the first example may be
realized by providing the terminal holding device 1x with an
acceleration sensor capable of detecting acceleration in the
three-dimensional directions, instead of the above-mentioned
acceleration sensor 154.

In the second example, the CPU 21 determines that the
mounting condition of the terminal device 2x is changed
when acceleration sensor 154 detects the acceleration that is
never caused by a normal handle operation. Specifically, the
CPU 21 samples plural ratios of the X-direction acceleration
to the Y-direction acceleration, and determines that the
mounting condition of the terminal device 2x is changed
when the values of the plural ratios thus sampled are largely
varying. For example, the CPU 21 determines that the mount-
ing condition of the terminal device 2x is changed if the values
of the plural ratios thus sampled are larger than the value of
the ratio of the X-direction acceleration to the Y-direction
acceleration normally occurs when the vehicle 3 curves.

Inthe third example, the CPU 21 determines whether or not
the mounting condition of the terminal device 2x is changed
based on the navigation information used by the AR naviga-
tion and the output of the acceleration sensor 15d. Specifi-
cally, the CPU 21 determines that the mounting condition of
the terminal device 2x is changed if the road that the vehicle
3 is currently traveling is determined to be a straight road
according to the navigation information and the acceleration
sensor 154 detects the acceleration that is never caused during
the straight traveling. Specifically, during the straight travel-
ing, the value of the ratio of the X-direction acceleration to the
Y-direction acceleration becomes almost constant. However,
ifthe value of the ratio is varying, the CPU 21 determines that
the mounting condition of the terminal device 2x is changed.
On the other hand, the CPU 21 does not perform the deter-
mination as to whether or not the mounting condition of the
terminal device 2x is changed, if the road that the vehicle 3 is
currently traveling is determined to be curving according to
the navigation information. In this case, the output value of
the acceleration sensor 154 tends to be unstable, and hence
the determination as to the mounting condition is not per-
formed to prevent erroneous determination.

In the fourth example, the CPU 21 determines that the
mounting condition of the terminal device 2x is changed,
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when the user operates the operation unit 28 of the terminal
device 2x. Namely, the CPU 21 determines that the mounting
condition of the terminal device 2x is changed when some
inputs are made via the operation unit 28. For example, the
CPU 21 determines that the mounting condition of the termi-
nal device 2x is changed when an operation to end the AR
navigation or an operation to power off the terminal device 2x
is made.

When it is determined that the mounting condition of the
terminal device 2x is changed (step 201; Yes) by the methods
according to the first to fourth examples described above, the
processing goes to step S202. When it is not determined that
the mounting condition of the terminal device 2x is changed
(step S201; No), the processing ends. The present invention is
not limited to the determination of using only one of the first
to fourth examples. Any two or more of the first to fourth
examples may be used, in combination, to perform the deter-
mination.

According to the modified example described above, the
mounting condition of the terminal device 2x can be appro-
priately detected, and the captured image can be appropri-
ately corrected when the mounting condition is changed.
Also, according to the modified example, since the captured
image correcting processing is not repeatedly executed in a
predetermined cycle unlike the above-described second
embodiment (see. FIG. 15), the processing burden may be
reduced. In the above-described second embodiment, since
the captured image correcting process is repeatedly executed
in a predetermined cycle, the captured image can be corrected
atany time, without consideration of the change of the mount-
ing condition of the terminal device 2x.

While the captured image correcting processing of FIG. 15
executes all the determinations of steps S201, S202 and S203
in the above-described example, any one or more of the
determination in steps S201, S202 and S203 ma be executed
instead. Namely, any one or two of the determination in steps
S201, S202 and S203 is executed, and the captured image
may be corrected if the condition in the determination is
satisfied.

While the present invention is applied to a vehicle in the
above description, the application of the present invention is
not limited to this. The present invention may be applied to
various movable bodies such as a ship, a helicopter and an
airplane other than the vehicle.

As described above, the embodiment is not limited to the
first and second embodiments described above, and may be
alterable as needed without contradicting the gist and the idea
of the invention readable from claims and specification in its
entirety.

INDUSTRIAL APPLICABILITY

The present invention can be used in a cell phone having a
telephone call function and a navigation apparatus perform-
ing route guide.

DESCRIPTION OF REFERENCE NUMBERS

1 Terminal Holding Device
2 Terminal Device

11 Base

12 Hinge

13 Arm

15 Substrate Holder

15a Cover
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1556 Ball Link
15¢ Sensor Substrate
15d Sensor (Acceleration Sensor)
16 Terminal Holder
17 Hole
21 CPU
25 Display Unit
29 Camera

The invention claimed is:

1. A terminal holding device comprising:

an attaching unit to be attached to a vehicle;

a holding unit which removably holds a terminal device in
such a manner that a display unit of the terminal device
is exposed and which includes a contact surface to be in
contact with the terminal device;

an acceleration sensor which detects acceleration in a
direction from a side of the contact surface to a side
opposite to the contact surface;

a supplying unit which supplies a detection signal of the
acceleration sensor to the terminal device;

ahousingunit which is attached to a side of the holding unit
opposite to the contact surface, and which houses the
acceleration sensor in a fixed state;

a support member which supports the housing unit in a
manner swingable with respect to the attaching unit; and

a connecting unit which rotates the holding unit with
respect to the housing unit to change an attaching angle
of the holding unit with respect to the housing unit.

2. The terminal holding device according to claim 1,
wherein the connecting unit changes the attaching angle of
the holding unit with respect to the acceleration sensor, with-
out changing an attaching angle of the acceleration sensor
with respect to the attaching unit.

3. The terminal holding device according to claim 1,
wherein the holding unit includes a hole which exposes a
camera unit provided on the terminal device; and

wherein the acceleration sensor is provided to detect the
acceleration in a direction penetrating the hole.

4. A terminal holding device comprising:

an attaching unit to be attached to a vehicle;

a holding unit which removably holds a terminal device in
such a manner that a display unit of the terminal device
is exposed;

an acceleration sensor which detects acceleration in a
direction from a side of the display unit to a side opposite
to the display unit of the terminal device held by the
holding unit;

a supplying unit which supplies a detection signal of the
acceleration sensor to the terminal device;

ahousingunit which is attached to a side of the holding unit
opposite to a side holding the terminal device, and which
houses the acceleration sensor in a fixed state;

a support member which supports the housing unit in a
manner swingable with respect to the attaching unit; and

a connecting unit which rotates the holding unit with
respect to the housing unit to change an attaching angle
of the holding unit with respect to the housing unit.

5. The terminal holding device according to claim 1,
wherein the connecting unit fixes the holding unit to the
housing unit at every 90-degree rotation angle.

6. The terminal holding device according to claim 4,
wherein the connecting unit fixes the holding unit to the
housing unit at every 90-degree rotation angle.
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